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Abstract: In contemporary architecture and on the housing market in general, the building 
envelope is no longer seen as a simple means of separating the outside from the outside, but 
has taken on multiple functions and purposes thanks to developments in the construction and 
building materials world, and has even become an autonomous element from the building in 
its own right. The building envelope has acquired a major role in the process of formal and 
technological architectural classification process, as it represents an urban catalyst and 
amplifier for architectural quality.  
The use of traditional materials - once used in accordance with classical architectural 
techniques - is distorted in the modern world both in regards to assembly and composition. In 
order to meet the demands of new architecture, builders have thought to reuse traditional 
materials by using the façade in new ways. In line with modern building culture, many 
innovative materials have been used, such as titanium zinc, Corten, metallic fabrics and 
others, which have been created for a new conception of architecture: one that is lighter, 
more transparent and easier to assemble. 
But it is with a greater focus on acoustic, energy and seismic performance of a building that 
envelope materials are changing and are increasingly becoming systems adapted to energy 
conversion, such as solar panels. Systems that are suited to reduced sound dispersion have 
been created in order to meet the new standards, while new building envelopes have been 
designed that can withstand earthquakes. The combination of all these aspects has led to a 
further change in how designers think, helping to develop modern architecture with building 
designs that are distinguished by increasingly complex forms. This has given rise to new 
systems that change and improve buildings, such as cell-based systems, double-skin walls, 
new types of shielding, LED lighting systems, media walls and new sporting envelopes.  
The paper presents a series of case studies that highlight the new building materials and 
technologies that currently characterize the most advance contemporary building envelopes. 
Genny Cia, Valentina Puglisi and Alberto Celani 
 2 
1. INTRODUCTION 
The envelope has always been viewed by man as the object that protects its home from the 
external environment and atmospheric agents, and defines its boundaries.  
This need has changed over time, gradually developing and resulting in the creation of 
new technologies [5].  
Architectures have evolved from a simple shelter from the elements into a representation 
of the potential of society itself, until becoming a system of internal comfort regulation. 
The contemporary envelope is in fact characterized by its total independence from the 
load-bearing structure, allowing very diverse compositional choices. The envelope has 
become a real architectural element that defines and encloses the constructive and 
structural body, mediating the exchanges between the internal and external environments. 
 
2. THE ITALIAN BUILDING ENVELOPE MARKET 
The building envelope sector is at present characterized by a highly fragmented supply 
chain, and the prevalence of small companies, which are often craft businesses. The data 
provided by the Italian Revenue Agency in 2011 highlight the presence of 12,068 
companies in the clusters associated with the production of metal doors and windows. In 
most cases these are individual companies (6,687) or small craft businesses organised in 
the form of partnerships (3,525). Only 1,857 companies (15% of the total) are 
corporations, most of which are small. Companies operating in the metal fittings industry 
are of two types: producers of non-specialised fittings and companies focused on curtain 
walls.  
The average size of facade manufacturers is significantly bigger than that of window and 
door manufacturers (see table 1) [8]. 
Table 1. The size and number of employees in companies that operate in the windows and doors sector.  
 Average production value Average number of employees 
Manufacturers of windows and doors 
and of facades 
5.6 30 
- Windows and door manufacturers 3.7 25 
- Facade manufacturers 11.4 47 
 
3. INNOVATIVE MATERIALS 
3.1. Polycarbonate 
The modern culture of construction also involves the use of advanced materials: modular 
multiwall polycarbonate panels provide evidence of this. Transparent like glass, 
polycarbonate has excellent practicality features, and outstanding safety and energy 
saving profiles. Its versatility is suited for use in both civil and industrial construction. In 
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addition, the panels' particular nature ensures a very broad scope: fixed and unfixed 
windows, infill walls, sandwich panels, etc. (see figure 1 on the left). 
3.2. Titanium zinc 
Titanium zinc coatings make it possible to cover various architectural works with a metal 
layer by taking advantage of various weaves depending on the type of installation. 
Ventilated reinforcements, which are either continuous or discontinuous, and wooden or 
metal in structure are used as substructures. Normally continuous reinforcement is used 
for standing seam slab cladding, whereas discontinuous metal substructures of the 
cantilever type are used for pressed profile coatings and to create a substructure with anti-
incendiary properties (see figure 1 on the right). 
   
Figure 1. Multifunctional building covered with recyclable polycarbonate (on the left) and San Luca 
Hospital in Milan with a titanium zinc cladding with continuous twisting effect and double seam (on the 
right). 
3.3. Corten Weathering steel 
Weathering steel is part of the category of low alloy steel which forms a protective 
coating. It was patented by the United States Steel Corporation in 1933, which launched it 
as a low alloy steel with 0.2-0.5% copper, 0.5-1.5% chromium and 0.1-0.2% phosphorus. 
Its chemical composition has undergone some adjustments over the years, such as the 
introduction of nickel, the reduction of phosphorus, as well as the addition of small 
amounts of other elements capable of improving its mechanical strength.  
The main property of weathering steel is its ability to self-protect from electrochemical 
corrosion through the formation of a passivated compact surface coating, composed of the 
oxides formed from its alloying elements. Often used in heavy carpentry or sculpting 
thanks to its mechanical properties, its high degree of corrosion resistance and to its 
particular colour tones, weathering steel has recently been applied in the field of 
architecture in the cladding of building envelopes (see figure 2 on the left). 
3.4. Aluminium 
The application of aluminum as a material for curtain wall cladding is ideal for both new 
constructions and redevelopment projects, and is favourable from an economic point of 
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view.  Aluminium's properties remain indefinitely unaltered, meaning it is infinitely 
recyclable and will not lose its original properties. Aluminium is characterized by 
durability, high resistance to atmospheric agents, low specific weight, and high load 
capacity (see figure 2 on the right). 
  
Figure 2. Celtic Museum's ventilated facade with weathering steel panels (on the left) and Warsaw 
Orthopedic Center's malleable aluminum envelope (on the right). 
3.5. Translucent concrete 
A new material designed for indoor applications but which is also forcing its way into the 
facade market became available several years ago. Translucent concrete panels and bricks 
use optical fibres and plastic inserts in order to transfer light and colour between the 
interior and exterior of buildings. This technological innovation was born in Hungary in 
2001 when architect Áron Losonczi, founder of LitraCon, first devised a system to create 
concrete bricks that allow the passage of light from one end through to the other, resulting 
in images and colors displayed on the surface.  
Translucent concrete is made from a combination of concrete made with fine, high quality 
cement, and glass optical fibers, which thanks to their very small diameter, blend into the 
mixture when placed in the fresh concrete mold. The fibres are arranged so as to transfer 
light, shadow and colour from one side of the block to the other in order to produce a 
translucent effect.  
All transparent concrete blocks can be coloured through the use of pigments incorporated 
into the concrete mixture. The thickness of the block has no effect on its transparency.  
The use of transparent concrete for façades is still hampered by the high price of the 
blocks and panels that include optical fibres. For this reason their use is limited to small 
instances of interior design. However, a breakthrough was achieved by Italcementi, which 
developed translucent concrete panels for the realisation of the Italian Pavilion at the 
Shanghai Expo (see figure 3 on the left). 
3.6. Wire mesh 
Surfaces covered with wire mesh acquire a diaphanous effect that changes based on the width 
of the mesh used, on the surrounding light conditions, and the observer's distance; creating an 
effect ranging from extreme compactness to total transparency.  
The different types of mesh offer a wide range of weaves, are easily adaptable to different 
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shapes and needs and are low-maintenance. Wire mesh works as a sort of casing which 
overlaps onto surfaces [3].  
The most commonly used metals to create the meshes are: copper, brass, aluminium, titanium, 
carbon steel and stainless steel. The property these materials must possess is ductility. Wire 
meshes also serve as sunscreens (brise-soleil, paneling, curtains, blinds). They are also used as 
barriers between indoors and outdoors in order to achieve continuous and changing surfaces 
that can become a promotional tool for service sector buildings and company offices. In fact, 
thanks to the possibility of integrating text and branding, systems capable of projecting skilful 
play of light or computerized projection systems; facades made of wire mesh perform an 
entirely marketing-related function (see figure 3 on the right). 
  
Figure 3. Italian Pavilion at the 2010 Shanghai Expo made with translucent concrete (on the left) and 
Horizontal Tower for the Rho exhibition with aluminium curtain walling (on the right). 
 
4. TECHNOLOGICAL PERFORMANCE 
4.1. Energy performance 
A building's energy performance depends largely on the efficiency of its envelope. If the 
sealing components are not designed and built in a manner befitting the building's energy 
performance then the leakage from the heat flows can compromise the overall energy 
consumption.  
Thermal losses that occur in the form of heat leakages depend on the temperature 
difference between the inner and outer faces of the envelope and on the thermal resistance 
of the material of which the envelope is made. Particular attention must be paid to the 
building envelope's thermal performance in varying thermal conditions, both in the winter 
months, but especially in the summer months. During the summer season building 
envelopes should be designed and manufactured in such a way as to ensure environmental 
conditions of sufficient thermohygrometric comfort inside the confined spaces, even in the 
absence of air conditioning equipment. To reduce energy consumption due to air 
conditioning during the summer period, the reduction of the maximum temperature and 
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the delayed introduction of thermal energy in the environments are necessary. Heat loss 
through the envelope can be reduced through the following strategies: 
- preventing heat conduction by adding thermal insulation to the envelope to 
increase thermal resistance; 
- designing the building in a more compact fashion; 
- adding heat flow barriers through, for example, the laying of aluminium sheets 
behind radiators, the use of insulating and low-emissivity glass etc. 
Furthermore, in the building envelope's design phase, particular attention must be paid 
to the monitoring and verification of interstitial and surface condensation, in compliance 
with the standard UNI EN ISO 13788 [7], paying particular attention to the hygrometric 
conditions of the internal and external design of the building and to the properties of each 
layer of component material of the wall (see figure 4 on the left). 
4.2. Acoustic performance 
For the facade wall's acoustic performance, the Decree of the President of the Council of 
Ministers of December 5 1997 [1] and the standard UNI EN ISO 717-2: 1997 [6] impose 
the verification of the sound reduction index for which maximum values are established. 
The most important aspect introduced by the Decree is that the values that require 
verification need to refer to the actual working conditions of the building components. 
The acoustic insulation of a building's facade depends on the performance of the different 
elements that constitute the facade itself. For this reason, a facade's acoustic insulation is 
determined primarily by the performance of its least performing elements (fittings, roller 
blind containers and vents) (see figure 4 on the right). 
4.3. Anti-Seismic performance 
Structural safety is the ability of a component to bear thestresses resulting from its own 
weight and from service loads without resulting deformations liable to affect its 
functionality. There are two types of envelope under the security profile:  
- load-bearing envelope structures withstand their own weight, vertical loads, 
horizontal actions resulting from decks, horizontal wind loads, earthquakes, in 
addition to permanent and accidental overloads applied directly to them, such as-
those due to surface finishing, as well as the actions of the occupants; 
- non-load bearing envelope structures need withstand onlythe action of their own 
weight, the horizontal loads applied (wind and seismic action), and permanent and 
accidental overloads directly applied to them [9]. 
The priority in the overall strategy of seismic design of façades is to prevent danger for 
the building's occupants. Dangers can arise for example, through the breaking of glass 
panels or by plastic deformation of surfaces with the resulting detachment of the 
components that compose the facade. The following are descriptions of the major design 
approaches that allow facade units to absorb structural displacements in case of seismic 
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events.  
- the Swaysystem: oscillation of the building during an earthquake makes adjacent 
units move horizontally and touch. There is an opening inside the framework large 
enough to allow the glass to slide and move; 
- the Rockingsystem: the units that make up the facade are attached to the slab edge 
and move independently (the vertical joints allow vertical displacements, while the 
horizontal ones allow for horizontal sliding); 
- the horizontal sliding system applies to facades with panels designed to 
remain firmly in place. In the event of seismic activity, structural displacements 
cause the sliding of the horizontal joints while the vertical joints remain fixed. This 
type of facade is less common nowadays. 
   
Figure 4. The Protoshop Lamborghini (on the left) and Niemeyer auditorium with a double glass skin 
facade for improving internal acoustic insulation (on the right). 
 
5. NEW FORMS AND TECHNOLOGIES 
5.1. Complex forms 
"The change in cultural context, new technological frontiers and the renewed possibilities 
of architectural design are factors that determine a new freedom of the designer, spurring 
him to experiment with evermore complex forms and simultaneously use materials and 
construction systems in unintended ways" [2].  
"Complex forms" can be divided into three categories: 
1. "Fluid" forms, that is, all those buildings that do not adhere to the classical 
Euclidean geometry; 
2. buildings characterized by a remarkable complexity of their systems; 
3. forms that are created through the interaction between the architectural model and 
the behavior of materials according to the laws of statics.  
Reflecting on the construction of complex forms means associating a strong focus on 
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finding the most appropriate technology with the freedom of the creative act. This is 
necessary because in such projects the constructability of the forms belongs to the 
structures, materials, techniques and forms themselves (see figures 5). 
  
Figures 5. The Enzo Ferrari House Museum in Modena (on the left) and Les Thermes Sports & Leisure 
Centre in Luxembourg (on the right). 
5.2. Unitised system 
The unitised curtain wall system is an evolution of the mullion and transom curtain wall. 
It differs from the latter because it is built as a sequence of large self-supporting units, 
produced in factories, and each equipped with its own support structure already assembled 
as part of the infill panels.  
The cladding panels must fulfill not only aesthetic purposes but also serve water and air 
tightness functions, as well as thermal and acoustic insulation and luminous flux 
regulation. The advantage of this solution is that it provides the possibility of a more 
flexible composition of the outer envelope. The simplicity and speed of assembly derive 
from the prefabrication of the system (see figure 6 on the left). 
5.3. Media systems   
Architecture has discovered a potential expansion in its areas of interest through the use of 
digital technologies, by penetrating into a widespread virtual space. In contemporary 
culture the visual aspect takes on a central role, with the aim of rapid, interconnected and 
directed communication.  
All technologies relating to information and communication are taking on an integral role 
in the development of contemporary architecture. Federic Nantoy states that "architecture 
is no longer defined by the spaces it offers, but by its ability to evolve as quickly as 
possible." Toyo Ito has recently written that "through the diffusion of new forms of media, 
fluidity is becoming increasingly feasible. The more urban and architectural spaces are 
controlled by the media, the more they become cinematic and fluid." Among the various 
building components, it is the surfaces that express the highest level of interactivity, 
helping not only the perception but also the concept of the architecture to vary.  
The architectural envelope has thus become a surface upon which to experiment and 
exhibit, a multimedia screen through which the designers express the need to 
communicate a message to society [4].  
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An important contribution is given to this project by the introduction of solid state light, 
which is generated by components called LEDs (Light Emitting Diodes). In addition to 
their main function as indicating lights, LEDs are considered the bulbs of the future. The 
ability to trap light inside a transparent material has opened up infinite possibilities in 
terms of design, creativity and personalisation in the furniture and construction industries. 
LED panels can be made with various materials to create different lighting effects and 
adapt to different situations: LEDs inserted between two sheets of glass, in wire meshes, 
integrated into smart fabrics, on opaque surfaces and integrated into reflective surfaces, 
etc. Moreover, they can have different forms: flat or curved, regular or irregular, static or 
dynamic, single or multi-layer to create depth (see figure 6 on the right). 
   
Figures 6.  Unitised system of the B4 Hotel in Milan (on the left) and media façade of the BIX Kunsthaus 
Graz in Graz (on the right).    
 
6. CONCLUSIONS 
Human beings possess the inherent desire to artificially build their habitat, a fact linked to 
anthropological evolution and the shift from a nomadic to a sedentary lifestyle. This 
change has led man to physically delimit constructive spaces, developing increasingly 
complex separating systems and components, to ensure an ever-better quality of life over 
time.  
With the ability to create living conditions that differ from those of the surrounding area, 
these environments have changed over time independently of external weather conditions. 
This detail has led to the artificialisation of lifestyles linked to a reduced adaptability, and 
imposes increasingly complex and diversified needs.  
Over the years, the need for the distinction between internal and external  environments 
has gradually become more sought after, therefore the development of new technologies 
that meet different kinds of needs has ensued. These range from the regulation of 
atmospheric agents to the social function of buildings, leading to the evolution of 
constructions from simple shelters from the elements, to representatives of society's 
potential.  
All this thanks to new materials and new forms, and to innovative systems for the 
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regulation of internal comfort. An evolution that led to the creation of important 
constructive technologies (prefabricated exterior wall panels , exterior insulation systems, 
ventilated facades, curtain walls, double skin facades, suspended facades, etc.) These 
ensure the structural performance and comfort required by the new kind of lifestyle that 
the human race conducts. 
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